Children with epidermolysis bullosa (EB) comprise a rare population with high morbidity and mortality. An improved understanding of the clinical trajectory of patients with EB, including age at time of clinical diagnosis and major clinical events, is needed to refine best practices and improve quality of life and clinical outcomes for patients with EB.
E pidermolysis bullosa (EB) is a group of rare genetic disorders characterized by fragility of the skin and mucosa. The disease affects approximately 1 of 50 000 births in the United States.
1,2 Clinical disease severity ranges from mild to devastating, and there is no widely available, disease-modifying treatment or cure for any form of EB at this time. 3, 4 Although several trials of emerging therapies are under way, the timeline for such treatments is in future years in most cases. 3, [5] [6] [7] [8] In parallel with such efforts, research that advances our understanding of the clinical trajectory of patients with EB, including their diagnosis, clinical care, and major clinical events and outcomes is needed. [9] [10] [11] We have termed these outcomes milestone events to connote key events in the clinical course of an individual with EB. Events include when and how the patient's diagnosis was made and was confirmed as well as objective interventions, such as placement of a gastrostomy tube, which may be a marker of disease severity or progression.
1, [12] [13] [14] [15] Because of the rarity of EB, creating a generalizable understanding of real-world care and variation in care has been difficult, especially for milestone clinical events in the disease process. Little evidence exists to guide best practices related to these events. For example, objective guidance is lacking for the appropriate time to place a gastrostomy tube when a child shows signs of nutritional failure 13, 16 or when to perform hand surgery to repair contractures and pseudosyndactyly. 12, 15 By anticipating the timing of such interventions in patients with different types of EB, potentially modifiable targets for intervention can better be anticipated and more reliable information to counsel patients and parents about prognosis can be used. The Epidermolysis Bullosa Clinical Research Consortium is a collaborative clinical research group that was initially formed in 2010. The consortium now includes 20 sites in the United States and Canada and functions as the EB working group of the Pediatric Dermatology Research Alliance. The principal investigator of each consortium site is a dermatologist (most commonly, a boardcertified pediatric dermatologist) who treats patients with EB. The EB care at each site is provided in a general dermatology clinic or a dedicated EB clinic, which often includes multiple specialists with an interdisciplinary approach. Each Epidermolysis Bullosa Clinical Research Consortium site collaborates in the Epidermolysis Bullosa Clinical Characterization and Outcomes Database (EBCCOD) to catalog well-described patient cohorts with EB for future studies and to generate longitudinal data about the course, complications, and treatment of patients with EB. 17 The primary objective of this study was to describe the patients with EB within the EBCCOD, specifically reporting patient demographic information, clinical characteristics (including patient age at initial signs of EB and at clinical diagnosis), types of diagnostic testing performed, and milestone events for patients with recessive dystrophic EB (RDEB). This study gives the types of patients with EB presenting to pediatric dermatologists and EB centers to highlight gaps in the diagnosis of EB and to provide a summary of major interventions for patients with RDEB and when they occur. In addition, this study sought to build the foundation for subsequent longitudinal analyses of the association of patient characteristics and clinical care with specific milestone events to identify key targets and timing for clinical interventions and evaluation of effectiveness.
Methods

Design and Data Source
The EBCCOD is a Research Electronic Data Capture database that is housed and managed at the University of Colorado, Denver, at the Anschutz Medical Campus in Aurora, Colorado. Each participating site has approval from its local institutional review board for participation in the database, and patients gave written informed consent and enrolled as they presented for care. Data collection is ongoing and typically occurs at major annual or biannual patient clinic visits. Data are collected contemporaneously during clinic visits and through review of medical records and are entered into the database. Clinical assessments include the use of the patient-directed symptom questionnaires and outcome instruments to document clinical signs and patientreported symptoms and disease severity. 18 For this study, deidentified data were exported from Research Electronic Data Capture and analyzed. This study was approved by the Colorado Multiple Institutional Review Board, Aurora, Colorado.
Study Population
This study included patients enrolled in the EBCCOD with completed demographic and milestone event data. Seventeen participating EB centers in the United States and Canada contribute data to the EBCCOD. All patients who provided consent and enrolled from January 1, 2011, through June 30, 2017, were eligible. Types of EB were categorized as RDEB, junctional EB (JEB), dominant dystrophic EB (DDEB), and EB simplex (EBS). We excluded 41 patients without a reported diagnosis of EB type because major diagnosis type was needed to complete the planned analyses. We also excluded 3 patients with Kindler syndrome because of the rarity of the disorder. Findings In this cohort study of 644 patients with epidermolysis bullosa, patients with recessive dystrophic epidermolysis bullosa were the most likely to receive a clinical diagnosis at birth if they had signs of disease at birth, and patients with junctional epidermolysis bullosa had the highest rate of confirmatory testing.
Milestone Clinical Events and Clinical Outcomes
Meaning Thefindingssuggestthatdiagnostictestingforepidermolysis bullosa is more common for patients with severe phenotypes; understanding the course of major clinical events may enable improved counseling on prognosis and management of epidermolysis bullosa.
with confirmatory testing. Because genetic analysis has become more widely available during the past decade, we also analyzed the proportion of patients who underwent genetic analysis and were younger than 10 years during the study period. 19 When possible, actual dates were obtained and ages were calculated. Categorical data were used for age at onset of first clinical signs and initial clinical diagnosis because this often relied on patient and/ or parent recall and accurate dates were not always available.
Only the first occurrence of events that may occur more than once during a patient's lifetime was reported. For all patients, we reported whether aplasia cutis (absence of skin) was present at birth and whether an enrolled patient had died during the study 
Statistical Analysis
Missing data were counted as unknown or negative responses depending on the variable. To generate descriptive statistics, we calculated percentages, proportions, and means of the outcomes of interest described above. A 2-sided P = .05 was set a priori to represent a statistically significant difference. We used t tests, tests of proportions, and χ 2 tests to assess for differences in demographic and clinical characteristics by type of EB. All statistical analyses were performed using Stata, version 15.1 (StataCorp).
Results
Within the EBCCOD
Of the 644 enrolled patients from 17 sites included in this study, 323 (50.2%) were male, with a mean (SD) age of 14. 
Discussion
The EBCCOD contains clinical information pertaining to a large population of patients with EB representing all types of EB diagnoses, although most of the enrolled patients had RDEB. For patients within the EBCCOD, signs of EB, such as skin or mucosal erosions or blistering, were present at the time of birth in most of the patients with RDEB, JEB, and DDEB, but less so for patients with EBS. For those with signs at birth, a clinical diagnosis of EB was made at the time of birth in 67.0% of patients with RDEB and 52.6% of those with JEB, 47.3% of those with DDEB, and 46.2% of those with EBS. Patients with JEB had the highest rate of any confirmatory testing, followed by patients with RDEB, DDEB, and EBS. A subset of children had multiple confirmatory tests performed. For all types of EB, both EM and IFM were performed at younger median ages than genetic analysis. Among the patients with RDEB, the most frequent milestone clinical event was esophageal dilation, followed by gastrostomy tube placement, hand surgery, squamous cell carcinoma, and death. Three findings from our study warrant discussion. First, use of the EBCCOD for all types of EB depends on the availability of clinical and outcomes data for patients with all types of EB. Although EBS is the most prevalent diagnosis in the general population, the EBCCOD is enriched with patients with RDEB likely because of their frequent contact with the medical system, particularly at specialty centers, and significant clinical needs that require ongoing clinical care. making analysis of large administrative and clinical databases, such as outpatient Medicaid or inpatient Pediatric Hospital Information System databases difficult. To improve our knowledge of longer-term outcomes in patients with all types of EB, enrollment of patients, including those with milder forms of EB, will be critical. 17 Second, an opportunity exists to improve earlier diagnosis of EB. Our study indicated that there was a lag between the observation of clinical signs and subsequent confirmatory testing, particularly genetic analysis. Our data may reflect the traditional paradigm of using EM and/or IFM to guide genetic analysis of a single candidate gene. However, the recent advent of less costly gene panels that test for all of the known EB genes simultaneously may be changing this practice. Genetic diagnosis is considered to be the criterion standard for the diagnosis of genetic disorders, and there are potential faults with clinical or biopsy-based diagnoses of EB. 10 It is well established that the clinical findings of all forms of EB can be similar in newborns, but the prognosis varies widely based on the ultimate diagnosis of subtype. Clinicians can use genetic analysis to more accurately and definitively counsel families about their child's diagnosis of EB and its expected course. Genetic analysis can also permit accurate counseling about the likelihood of recurrence with future pregnancies and provide opportunity for prenatal or preimplantation genetic diagnosis. 22 In addition, even though a diagnosis may be supported by clinical signs and initial nongenetic diagnostic testing, as new therapies emerge for EB, particularly geneticbased therapy, it will be important to have a specific genetic diagnosis made as early as possible. 7, 23 Overall, only 61% of the cohort younger than 10 years and even fewer older than 10 years had genetic analysis done. This study did not examine specific factors contributing to lacking a genetic diagnosis, but we suspect that limited availability at the time of testing, particularly for older patients, and financial factors play key roles. Third, for patients with RDEB, our population-level description of the prevalence and timing of milestone clinical events may enhance clinical care. These data should allow clinicians, families, and patients to better anticipate and plan for the occurrence of milestone events in RDEB, such as esophageal dilation, gastrostomy tube placement, hand surgery, diagnosis of squamous cell carcinoma, or death. This knowledge also aids clinicians in the initiation of counseling and planning at an optimal time, rather than overwhelming families with too much information at an initial visit. It may also help families accept that certain events, such as placement of a gastrostomy tube, are to be expected in RDEB and are not a failure on their part. These data will also help guide further study of patient-specific and systematic factors that might be associated with variation among milestone events. Identification of variation in management may provide valuable information to Epidermolysis Bullosa Clinical Research Consortium sites to support efforts to standardize management or develop clinical algorithms for common interventions. The Dystrophic Epidermolysis Bullosa Research Association International has commissioned expert panels to generate clinical guidelines for common EB issues; the EBCCOD may yield opportunities to supplement these expert recommendations with current, real-world evidence using a large available sample of patients with EB.
Limitations
Our findings must be interpreted within the context of several predictable limitations. Although the EBCCOD is a large, contemporary clinical database of patients with EB in North America, it only captures patients presenting for medical care at the participating EB centers. The nature of these centers biases the EBCCOD to patients with moderate to severe EB because it is conceivable that those with less severe forms of EB may seek care elsewhere or not at all. For instance, although EBS is the most prevalent diagnosis in the general population, the EBCCOD is enriched with patients with RDEB because of their frequent contact with the medical system and significant clinical needs requiring ongoing clinical care. However, the EBCCOD may not sufficiently capture patients, particularly infants, with lethal forms of EB (namely, JEB generalized severe) because they may die before study enrollment can occur. For instance, 68% of patients with JEB in the EBCCOD were older than 5 years, which likely reflects the survival of more patients with nonlethal forms of JEB based on subtype. Some patients had missing data, which we reported as unknown or a negative result depending on the variable. This decision could have led to bias in our results, such as the presence of a lag between signs for both symptoms and clinical diagnosis in either direction in the case of onset of first clinical symptoms or age at time of clinical diagnosis. The strategy for missing data may also have led to underreporting of some testing results, mainly in EM and IFM testing in older patients for whom reports were not readily available. Also, we attempted to assess for differences in the occurrence and timing of milestone events based on RDEB subtype classifications, but the completeness of the subtype data and the low frequencies of milestone events limited our ability to make meaningful comparisons between the RDEB subtypes. These analyses will be more feasible as the EBCCOD accrues more patients with complete data.
Conclusions
Approximately 33.0% of patients with RDEB and 53.8% of patients with JEB had a delay between the presence of signs at birth and subsequent clinical diagnosis of EB. Earlier diagnostic testing may enable improved characterizations of patients so that appropriate and timely counseling and clinical care may be offered, especially regarding milestone clinical events for patients with RDEB. The EBCCOD contains comprehensive patient data, especially for patients with RDEB, which will enable longitudinal studies of patient characteristics and clinical care and assist in the identification of key targets and timing for clinical interventions and evaluations of effectiveness.
